A 16-year-old girl with anorexia nervosa first presented with malnutrition, liver dys function, and rhabdomyolysis. Administration of fluid and nutrition saved her from the initial critical state, but acute renal failure followed. Laboratory examination revealed intrinsic renal failure induced by rhabdomyolysis. Latent phosphate depletion and refeeding-induced hypo phosphatemia was implicated as the cause of rhabdomyolysis; however coexisting hypotension, dehydration, and liver dysfunction may have contributed to the renal failure. The patient recovered from azotemia by hemodialysis. This is the first reported case of anorexia nervosa with acute renal failure resulting from rhabdomyolysis induced by hypophosphatemia or phosphate depletion. (Internal Medicine 31: 478-482, 1992) 
Introduction
Anorexia nervosa is a fairly common disease among young women. Patients with anorexia nervosa have behavioral changes with respect to food and perceptual changes about the body, accompanied by an extreme concern about being overweight. Dietary restriction and starvation in such patients induce endocrine, metabolic, and electrolyte disturbances (1) . Rhabdomyolysis is a clinical and laboratory entity resulting from skeletal muscle injury with release of the muscle cell contents into the circulation; about 10% of the patients with this disorder are caused by metabolic derangement (2) . Rhabdomyolysis accompanied by anorexia nervosa is very rare (3) (4) (5) , and no patient with anorexia nervosa has been reported to manifest hypophosphatemia-induced rhabdomyolysis. However, hypophosphatemia and/or phosphate depletion are common among the causes of rhabdomyolysis reported in cases other than anorexia nervosa (6) (7) (8) . Here, we report the first case of anorexia nervosa with acute renal failure resulting from rhabdomyolysis induced by hypophosphatemia and/or phosphate depletion.
Case Report
A 16-year-old girl was admitted to our hospital on January 1, 1991 because of marked weight loss and muscle weakness. She was well until 5 months before admission when she began to restrict food intake (600 1,000 kcal/day), which was drastically decreased further just prior to admission. Her initial symptom of amen orrhea began about 5 months prior to admission. Muscle pain in her thigh and cramping of the calf was inter mittently experienced from 2 months prior to admission. Three weeks before admission, muscle weakness in her lower extremities progressed, until she could neither walk nor stand by herself. There was no history of vomiting, overeating, or the use of laxatives or diuretics. Examination on admission revealed severe emaci ation, with a body weight of26kg and a height of 158cm. Body temperature was 34.4°C, pulse 47/min, and systolic blood pressure was 76 mmHg. The skin was rough and dry, and pedal edema was observed. Widespread petechiae were prominent on the lower chest and the abdomen. Lanugo-type hair was generally observed, the breasts were atrophic, pubic hair was scanty, and the liver and spleen were not palpable. On neurological examination the patient was mildly somnolent, deep tendon reflexes were depressed, and muscle atrophy and weakness were prominent in proximal muscles, especially in the neck and shoulders. Laboratory findings on admission are shown in Tables  1 and 2 . Blood chemistry showed liver dysfunction and muscle cell injury. Elevated blood urea nitrogen (BUN), and decreased triglyceride and glucose were remark able, whereas total protein, albumin, and electrolytes were normal. Severe thrombocytopenia and elevated hematocrit were noted in blood cells. Coagulation tests and serological examination were within normal limits. The urine looked dark brown and was strongly positive for the occult blood test, but had only a few red blood cells on microscopic examination. Arterial blood gas revealed metabolic alkalosis and respiratory acidosis, though the pH was 7.43. Electrocardiogram revealed sinus bradycardia with prolonged QT intervals, low voltage in the limb leads, and low T waves in all leads.
Echocardiogram demonstrated moderate pericardial effusion, and normal cardiac function. Abdominal ultra sonography revealed atrophic liver and spleen, and renal echogenecity was increased as compared with the adjacent liver (Fig. 1A) . Initial treatment was started with central venous catheterization, and administration of fluid (200 ml/h), nutrition (450kcal/day), and platelets. On the second hospital day, under the supplementation of multivitamins including 10 \xg ergocalciferol (vitamin D2), the plasma level of parathyroid hormone (PTH) measured by Yamasa assay was 1,300pg/ml, and plasma 25(OH)D, 1,25(OH)2D, and 24,25(OH)2D were 24ng/ml, 29pg/ ml, and 4.6 ng/ml, respectively. On the fourth day, while the elevated glutamic oxalacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), lactic dehy drogenase (LDH), alkaline phosphatase (ALP), and BUN were improving, the serum phosphate decreased to 0.5 mg/dl, and the creatine kinase (CK) level elevated again to 1,650U/l (Fig. 2) . Also during the same period of time, decreasing urine volume and increasing serum levels of creatinine and BUN were noted. Renal ultra sonography revealed bilateral enlargement of the kidneys (right: 12cm x 6.5cm, left: 10.5cm x 5.5cm), decreased cortical thickness, and a sonolucent medulla (Fig. IB) . Urine osmolarity was 259mOsm/kg H2O, sodium 87.5mmol/l, urine/plasma creatinine ratio 21.0, frac tional excretion of filtered sodium (FE.Na) 3.02, and granular casts were observed. Mannitol and loop diuretics
were not effective in preventing a decrease in urine volume and an increase in serum creatinine and BUN. Uremia caused by oliguric acute renal failure was treated with hemodialysis ten times over the following three weeks. Following this treatment, the patient's renal failure recovered (Fig. 2) . The severe thrombocytopenia found on admission was treated by platelet transfusion over the first week and remitted spontaneously. Discussion
The patient presented here appears to be the first case of anorexia nervosa with acute renal failure resulting from rhabdomyolysis induced by hypophosphatemia and/or phosphate depletion. Restricted dietary intake and body weight loss in anorexia nervosa induce endo crine, metabolic, and electrolyte disturbances (1), how ever little is known about associated hypophosphatemia. In this patient, anorexia nervosa was diagnosed using the criteria proposed by the Anorexia Nervosa Study Group sponsored by The Japanese Ministry of Health and Welfare (9) . In addition, this case exhibited the typical clinical features of anorexia nervosa: namely, intolerance to cold, hypotension, hypothermia, dry skin, lanugo-type hair, bradycardia, pedal edema, and petechiae. Laboratory examination revealed severe malnutrition, liver dysfunction, thrombocytopenia, and rhabdomyolysis. Although severe thrombocytopenia was observed on admission, both disseminated intravas cular coagulation and idiopathic thrombocytopenic purpura were excluded by the clinical and laboratory data, and the platelet count became normal after several platelet transfusions. Such hematological derangement associated with anorexia nervosa has been well described by Lampert and Lau (10) .
The case demonstrated combined respiratory acidosis and metabolic alkalosis in the face of alkaline urine of pH 9.0. The former would be due to hypoventilation, often seen in patients with hypophosphatemia (ll, 12) ; and the latter due to dehydration-induced secondary aldosteronism. The high urine pH may be explained by the overflow of HCO3~ which was exaggerated by the rehydration (13) . Although elevated GOT, GPT, LDH, ALP, and BUN in the serum were corrected successfully by intravenous nutrition (400-800kcal/day) and fluid (1,600-2,500 ml/day) administration, serum phosphate concentration decreased drastically, and acute renal failure followed (Fig. 2) . In addition to the increased serum CK and aldolase, the elevated serum and urine myoglobin on admission indicated that rhabdomyolysis already was present at that time. Furthermore, polyuria even in the presence of dehydration, increased urinary concentrations of protein and /Vmicroglobulin, and the findings of ultra sonography on admission suggested incipient renal injury. Within a week after admission, development of oliguria and elevation of serum levels of creatinine and BUN disclosed overt renal failure. Findings of urine, ultrasonography, and computed tomography were all compatible with acute intrinsic renal failure induced by rhabdomyolysis (14) . The CK concentration in this case was not as elevated as in most rhabdomyolysis-induced oliguric renal failures. However, Gabow et al (2) and Kageyama (15) reported that the development of renal failure correlated with neither the peak level of CK nor the levels of other chemical variables of muscle cell injury. Many studies have suggested that myoglobin itself is relatively non nephrotoxic, but becomes highly toxic when dehydration , acidemia, or both exist (16) (17) (18) . Roth has indicated that patients who develope acute renal failure have higher incidences of hypotension, severe liver dysfunction, hyperpyrexia, and intravascular coagulation (19) . Also in this case, many of these factors coexisted, and they appear to be responsible for the rhabdomyolysis-induced oliguric renal failure. Metabolic derangement, especially hypophosphatemia and/or phosphate depletion, seems to be the most prob able cause of the rhabdomyolysis in the present patient. On the second day of vitamin D2 supplementation, plasma 25(OH)D and 1,25(OH)2D were in the low normal range, and PTH was extremely elevated. This data indicated that she had 1,25(OH)2D deficiency and secondary hyperparathyroidism. Vitamin D2 administration would have elevated her plasma level of 1,25(OH)2D rapidly under the hyperparathyroidism ( Table 2 ). The patient had been sick (restricted to her home for about 2 months), had worn long sleeves due to intolerance to cold, and had taken very little fat for several months. These behaviors may have contributed to the presumed de ficiency of 1,25(OH)2D, which induced secondary hy perparathyroidism and severe phosphate depletion. Initial low-normal serum phosphate and a relatively large amount of phosphate excretion (about 2g/g-creatinine)
would indicate that muscle cell injury had developed under the secondary hyperparathyroidism. It has been shown that in the starved patient, the plasma phosphate concentration is maintained in the normal range through the continuous release of phosphate by tissue catabolism, and that the plasma phosphate concentration does not reflect the total body phosphate content (20 utilization of phosphate increase (20) . When insufficient amounts of phosphate are provided, an acute state of severe hypophosphatemia and intracellular phosphate depletion can occur (6, 7, 21, 22) , which may lead to the depletion of ATP and cellular injury (23) . Accordingly, it appears that in this case pre-existing severe phosphate depletion caused rhabdomyolysis on admission, and it was acutely exacerbated by refeeding with intravenous nutrition without adequate phosphate supplementation. This, in turn, contributed to a worsening of muscle injury and completion of the incipient acute renal failure.
In conclusion, the present patient shows that the severely starved patient may have phosphate depletion which is severe enough to cause rhabdomyolysis and renal injury, even in the presence of a normal serum level and urinary excretion of phosphate. Hence, it appears essential to supplement phosphate at the initial treatment, especially when the malnourished patient also has a myopathy.
